Introduction
The need to present more valuable service for the customers and, at the same time, to cut the cost of the delivery process is the most difficult problem in supply chain management (Christopher, 1992) . Companies adopting new supply chain management solutions that increase value added to the customers at a lower cost, will quickly be able to improve their competitive advantage. Today, wireless product identification -i.e. the ability to identify a product or a part automatically without physical handling -is becoming the basis for exactly such new solutions in supply chain management.
The aim of this paper is to indicate the reasons for using wireless product identification in supply chain management, and present current supply chain applications using wireless product identification.
The first section of the paper brings forth the challenges of supply chain management that are making the use of wireless product identification interesting for companies. The second section introduces the concept of item level supply chain management and the technology; namely, radio frequency identification (RFID) that enables it. In the third part, some current applications of wireless item identification are presented, and in the final section the benefits of building supply chain level applications are outlined.
Why wireless supply chain solutions?
Before moving on to discussing what this new technology is, and what are the new supply chain solutions, let us look at the challenges companies are facing today. For example, consider the need for increasing logistics service levels in the automotive industry. The challenge quickly becomes formidable when there is a need to customise both the delivery service and the product (Fuller et al., 1993; Sma Ê ros et al., 2000) . The requirements on supply chain management are very high when someone orders a car configured to his or her exact needs that then is to be delivered to the specific location chosen by the customer. The seller has to manage the car individually through production and distribution until the final delivery address is reached without delay and increase in costs. Furthermore, if the car has specific custom-made parts in the product configuration, the challenge is even bigger as also component supply has to be managed on the individual item level.
When designing supply chain management solutions, the first major challenge to overcome is fast and efficient handling of differentiated material flows. In our automotive example, product customisation led to a vastly greater number of delivery addresses as customers determined the point of final delivery. Increased number of delivery addresses has in many industries led to more differentiated material flows throughout the supply chain (Rickhardson, 2000) . E-commerce, be that B2B or B2C, further increases the number of delivery addresses, because the delivery is often made to the point of use of the consumer. In addition, e-commerce customers also frequently demand faster deliveries with less or no delivery charges (Jedd, 2000) . The result is that all sellers have to move to shorter delivery lead times in response to the shorter delivery lead times of their competitors. Combined with the need to reduce inventory levels for greater cost efficiency, the first major challenge is thus to improve the differentiation and velocity in materials handling.
The second challenge of supply chain management that is relevant from an identification point of view is efficient customisation, i.e. the ability to effectively produce and deliver products that meet customer's individual needs. To do this, a company has to know what to do with each individual product, and operate efficiently on small batches of products or deliveries (Suomi, 1992) . In the automotive example, efficient customisation was demanded at single item level, both in production and delivery of the vehicle.
The third major challenge related to product identification is to control production and logistics accurately and flexibly across multicompany networks. The problem derives from the difficulty of sharing delivery-specific information between companies. When deliveries are moved across organisational boundaries, there are severe problems in matching the received information to the physical delivery, and in synchronising material and information flows. These problems are most severe in situations where many small deliveries are processed as, for example, in car factories receiving just-in-time deliveries (Johnston and Yap, 1998) .
Furthermore, the problems of information sharing increase, when logistic operations are outsourced. Arranging effective means to share information with supply chain partners is one of the biggest problems in the outsourcing of logistic operations. Whether the solution for information sharing is EDI, or a B2B hub, it always takes both time and effort to integrate information technology (IT) systems and to eliminate manual processing steps (Christianson, 2000; Turek, 1999) , and still there is the problem of linking the information to the right delivery. However, outsourcing is important in supply chain operations because it increases flexibility and scalability (Gormley and Cameron, 1998) . Also, third-party logistics providers can often increase the operational efficiency of the supply chain (House and Stank, 2001) . For example it is rarely feasible for the companies to have a global infrastructure of their own for end customer delivery.
Both the customisation and handling problems as well as information sharing problem can be solved with wireless product identification and item level supply chain management. In item level supply chain management, products are handled and customised in batches of one across organisational boundaries in multi-company networks. Item level supply chain management is explained in more detail in the next section.
Product identification is the basis for item level supply chain management
Item level identification is the basis for item level supply chain management. Item level supply chain management is possible if every product (or part) has an identity of its own; the product can be recognised and information about it can be read or updated effortlessly in the whole supply chain. In item level supply chain management the product's information is available (and updateable) anywhere where the product is, whether it is the assembly line or the home of the end consumer. The issue is how to do this efficiently.
The most efficient applications for item level supply chain management can be built with wireless product identification. To achieve greater velocity in distribution, distribution centres have to be extremely effective in handling and sorting shipments. British Airways (Nelms, 1999) and Lynx Express (Frontline Solutions, 2000) have successfully used wireless identification technology to achieve significantly faster and more accurate sorting and distribution.
The challenge of being able to produce customised products efficiently, even at item level customisation, is easier to solve when products can be identified on single product level. For example, QSC-Audio Products has built a smart convoyerised assembly system using RFID technology. This system enables the company to build to order with mass production efficiency. RFID tags are used to identify the products on the assembly line, and the configuration of a particular product to be assembled is attached to its identity (Feare, 2000) .
The problems in the sharing of operational information linked to small, customised deliveries across company boundaries are solved if all the necessary information about handling a product is attached to the product and attainable in an effortless (automatically readable) way. For example, EDI messages can be stored on identifiers attached to deliveries (Johnston and Yap, 1998) . Besides solving the problems of linking material and information flows together, the communication of operational information with the deliveries themselves decreases the need to integrate information systems in order to build effective processes between companies. The possibility to use identifiers to carry operational information in systems readable form enables supply chain partners to automate processes without systems integration. Therefore, it is possible also to use short-time partnerships more effectively.
As the examples indicate, item level supply chain management is a solution to the handling, customisation, and the informationsharing challenges in supply chain management. The enabling steps to item level supply chain management are illustrated in Figure 1 . Handling efficiency is the basis on which item level supply chain management is built on. It can be achieved, when products are identified without a need to physically handle them. Automatic identification in single item level enables efficient customisation. In efficient customisation, products or deliveries are efficiently processed and handled in small batches. Effective information sharing enables efficient handling and customisation even in dynamic intercompany networks. The key to effective information sharing is attaching the control attributes to the product, so that they are globally available.
Greater handling efficiency can be achieved if the need to handle the product in order to identify it is eliminated. To be able to interact with the product without physical contact, wireless product identification technologies can be applied. Most commonly used wireless identification technology is based on RFID tags. It can fulfil the requirements of item level supply chain management with acceptable costs. Products can be identified effortlessly, because RFID tags do not require line of sight in order to be read, they can be read through non-metallic materials and about 60 tags can be read simultaneously Boxall, 2000; Lindströ m, 2000) . The tags are also resistant to temperature and other environmental factors and can be read and written at least 300,000 times (DeJong, 1998) . The read/write capability of RFID tags also enables changing the product information during processing (i.e. re-routing and price-changes). Other technologies that could be used are Bluetooth chips for expensive equipment and global positioning systems (GPS) for very large items such as containers.
To be able to practice efficient customisation, products have to be identified at single product level. Then it is possible to individually control items in all parts of the supply chain, e.g. in manufacturing and distribution, which provides the ability to offer customised products and services for the customers (Tö yrylä , 1999) . Using the RFID technology, the identity of the product is stored in the tag. Common RFID tags provide from 256 bits to several kilobytes of read/write memory (Gould, 2000; Philips Semiconductors, 2000; Omron, 2000) , which would be more than enough to give each individual product an identity of its own.
Effective information sharing can be achieved if supply chain execution data, e.g. how the product is to be handled and where it is to be delivered, is communicated with the product in a machine-readable way. Then, the synchronisation of the information and the physical objects can be assured (Johnston and Yap, 1998) . Also, paper-based processes can be eliminated without the need to integrate IT systems. This enables efficient processes also in short-term relationships. When using RFID technology, the control attributes of the item can be stored in the tag's memory or it can contain a reference to a network address where the information about the product is stored, so the control attributes are attainable everywhere where the product is (Ashton, 2000; Stebbins, 2000) . When using the network address the product's information is also attainable at all times after once seeing the product.
What is the cost of wireless product identification technologies? Today, RFID tags are reaching a feasible cost level for an increasing number of supply chain applications. The cost per tag is between $0,25 and $1,00 depending on production volumes (Gould, 2000) . The price of a reader is estimated to be approximately $1,000 (Sma Ê ros, 2000).
Current supply chain applications utilising wireless product identification
Innovative companies have been able to improve their service levels and reduce costs by modifying their business processes using wireless identification technologies. The important point to notice is that the benefits are real, that wireless supply chain management solutions have already achieved noteworthy benefits in all the major stages of the supply chain, i.e. in sourcing, manufacturing, warehousing, distribution, retailing, and aftersales.
The benefits achieved by companies using RFID in their processes in different supply chain stages are summed up in Figure 2 . The examples are selected to illustrate existing applications in different supply chain phases: sourcing, production, distribution, retail, and aftersales services. In sourcing and manufacturing Toyota (Modern Materials Handling, 1998), Ford (Maloyney, 2000) and QSC Audio Products have been able to improve performance using RFID tags.
British Airways, Unilever (Burnell, 2000a) , and LynxExpress have been able to streamline distribution with wireless product identification. Supertag (Hawkes, 1994; Chamberlain, 1997) , Buko Ltd and Dow Chemical Co. Ltd (Chamberlain, 1997) have developed solutions to speed up retail processes. And Northern Electric Services (Jones, H., 1999) has made its asset management more effective using RFID technologies.
Next, we shall explore in more detail how wireless product identification has been used as the basis for new, more efficient and responsive solutions in different stages of the supply chain. Of course, the benefits achieved in the applications are not solely attributable to the use of wireless product identification. However, it plays a major role in all of the examples.
Sourcing and manufacturing
Toyota, Ford and QSC Audio Products have been able to streamline sourcing and manufacturing using RFID. Toyota has cut production delays through more efficient parts receipts, and Ford has modified its parts replenishment system between storage areas and the assembly line by developing a new wireless kanban method. QSC has been able to combine the benefits of mass production and make-to-order with its smart convoyerised assembly system.
In the Toyota solution parts replenishments has been made more effective by using RFID technology to make an automatic goods receipt as soon as the shipment arrives to the factory yard. The company has been able to reduce the number of costly production disruptions, and re-scheduling as incoming shipments are automatically registered in the yard management and production scheduling systems. Immediately upon arrival an incoming truck can be directed to the unloading dock for the material that is required on shortest notice. That is, the unloading docks are determined based on the parts requirements situation on the assembly line (Modern Materials Handling, 1998) .
Ford has developed a new wireless kanban method with WhereNet, a technology provider company. The new method has made it possible to move away from a solution where parts had to be buffered on the assembly line to cover the requirements for a whole shift to a solution where it is possible to pull parts to the assembly line in real time according to actual requirements. The system brings parts to the line as needed, tracks materials in the facility, and improves labour efficiency and flexibility. The estimated savings compared to a more traditional, wired solution is $500,000 (Maloyney, 2000) . The solution differs from schedule synchronisation by its robustness to the disruptions in the production process. As the production line is continuously replenished by actual consumption, then, for example, variations in lead-times do not cause complications in replenishments.
Ford is now trying to leverage its understanding of the possibilities of RFID technology and has developed a joint venture with WhereNet to market the wireless kanban replenishment method (Burnell, 2000b) .
Our third example company, QSC Audio Products, has been able to cut manufacturing lead-time, increase throughput and move from a build-to-stock operative model to build-to-order model where the economic batch size is one unit. The company uses RFID technology to track and direct work-in-process (WIP) through the facility, which enables it to optimise the flow of WIP and redirect products during assembly if needed (Feare, 2000) . Now, let us consider the applications in the light of the enabling steps model presented in Figure 1 . The fact that no physical contact is needed to interact with the products in fluxthe supply chain is managed over the air, wirelessly -yields benefits in all three cases. The companies solved the issue of efficient handling of differentiated flows by creating new solutions for obtaining information from passing material flows. Toyota used RFID technology to automate goods receipt, and link this to its production scheduling system. Now Toyota knows what parts have arrived as soon as the shipment enters the plant's yard. Ford uses wireless product identification for more effective parts inventory management. When parts can be accurately located both in inventory and on the assembly line they can be more quickly replenished.
QSC went one step further. The company also solved the customisation problem by utilising the product's ability to carry its own identity. By using wireless product identification technology it has been able to attach the necessary information to the material flow itself. The assembly system receives the information about what needs to be done with a particular product directly from the product itself. The assembly system then can use the information provided by the product to control assembly work and route the product through the plant.
Warehousing and distribution
Automatic identification technologies, mostly bar codes, have long been employed in improving warehousing and distribution operations. However, the use of bar codes involves manual handling, which creates friction in the material flow. Either the Figure 2 Supply chain benefits achieved with wireless product identification packages with bar codes or the reading devices are handled manually in order to read the codes (Moore, 1999; Bylinsky, 2000) . Dirt and bending also reduce the read rates significantly, if they are handled in several occasions (Olliver, 1995) .
A product identity that could be read over the air, yields large benefits as materials flow more reliably and expeditiously. For example, British Airways, LynxExpress, and Unilever have all been able to make their distribution processes more effective using wireless product identification. WhereNet even sees the possibility to stop allocating warehouse space in part by using wireless product identification (Johnson, 2000) .
British Airways practically eliminated errors in baggage sorting with a RFID-based baggage sorting system. It is estimated that airlines could achieve savings of $6 to $12 billion with cost of $600 million to $1,2 billion, world-wide. The assumption on which the savings are based is that all airlines would move to RFID-based baggage checking. There is also a read/write memory in the tags, so bags can be redirected effectively, if passengers change their flight plans (Nelms, 1999) .
LynxExpress has been able to build what the company calls a ''super-hub'' using RIFD technology. The ''super-hub'' is 70 percent faster than a conventional hub, significantly more flexible, and virtually error free. All the shipments are equipped with RFID tags, and identified automatically as they enter the hub. They are also scanned when they enter the loading dock, and the system sends an alarm if the shipments include parcels that are on a wrong routing.
LynxExpress's RFID-based system cost £40,000 more than a bar code-based system, but the pay-back time for the additional investment was only two months, thanks to the benefits of greater efficiency (Frontline Solutions, 2000) . Unilever achieved similar benefits in a warehouse in Italy as it reduced labour needs by two-thirds and improved order fulfilment time by 20 percent (Burnell, 2000a) .
Wireless product identification has the potential to radically change warehousing, because products can be stored almost anywhere, moved as needed and found in a moment's notice. WhereNet estimates that the possibility to change the way in which warehouse space is allocated can save between 10 to 20 percent of warehouse space (Johnson, 2000) .
The benefits of wireless product identification in warehousing and distribution come mostly from reduced handling, using systems in which the transactions made to the products are automatically recorded. This results in a more effective and more frictionfree flow, where the handling of the product and information collection is the one and the same activity. In distribution, the ability to give the item a unique identity also makes it possible to develop new and more efficient solutions to re-direct and sort shipments on the move.
Retail and aftersales
In retailing, wireless product identification enables automatic goods receipt, faster inventory counts from shelves and major reductions in checkout costs. For aftersales, wireless product identification technologies also make new customer service models possible. Especially in the business-tobusiness situation, new solutions based on wireless product identification can create notable aftersales benefits to the customer.
In a typical supermarket out-of-stock situations cause a 3 percent loss of revenue through lost sales. According to a study conducted by Andersen Consulting, 53 percent of out-of-stock situations are based on inefficiencies in the store ordering process. Another 8 percent of out-of-stock situations happen while the necessary supplies are in backdoor inventory but have not been shelved (Supermarket Business, 1996) .
A solution to the problem is to take the task of ordering away from the store, i.e. replenish by consumption. A goods receipt system that automatically and accurately adds incoming material to inventory book-keeping combined with point of sales (POS) demand information, enables new, possibly order-less, replenishment solutions between distribution centres and supermarkets. This would reduce out-of-stock situations greatly. For an automatic goods receipt the identification of products would not have to be item level, transport package or pallet level identification would already be sufficient.
There are problems with POS-based replenishment systems. The errors in stock readings accumulate and the supplier never knows how much there is actually in the stock until an inventory count of the shelves is performed. In order to develop a robust vendor managed inventory (VMI) solution, the supplier would have to know the inventory of the customer. If products could be identified automatically at item level, inventory counts (counts from shelves) could be done quickly when needed, and used instead of orders. The inventory count could be done, for example, with readers that are built into the shelves. This would even enable the supplier to perform the inventory count independently of the retailer. Another effective way of performing the shelf counts would be with hand-held readers (Milner, 1999; Bushnell, 2000) .
Today, checkout costs are approximately 3 percent of retail revenue in supermarkets in Finland (Kä mä rä inen, 2000), and the level of costs is quite similar in other industrialised countries (Hennessy, 2000) . To reduce these costs the companies Supertag, Buko, and Dow Chemicals have developed technologies with which grocery shopping can be checked out without the need for checkout personnel (Hawkes, 1994; Chamberlain, 1997) . This way it would be possible to eliminate the labour-intensive and time-consuming activity of bar code scanning at the checkout. If supermarkets utilised electronic payment methods such as those piloted, for example, by Mobil in the USA, customers could check themselves out and the whole of checkout work could be eliminated (Chain Store Age, 1999a; Reid, 2000) .
In e-grocery retailing, wireless product identification opens up new possible value offerings to customers, in addition to easier order assembly and more reliable deliveries. If products can be identified without handling in the customer's home, the supplier could manage customer's food supplies without orders from the customer. In other words, VMI could be implemented with the end consumer of groceries (Sma Ê ros and Holmströ m, 2000) . Companies, such as Matsushita and Electrolux, are already developing refrigerators that provide datacapture possibilities to implement VMI to the end consumer (Butler, 1999) .
The development of new aftersales services using wireless product identification can yield substantial new benefits to the customer. Wireless product identification can e.g. improve asset management and assist maintenance technicians.
Virgin Islands' Government and Northern Electric Services Ltd have achieved cost savings and enhanced efficiency in management of their electronic assets (Security, 1999b; Jones, H., 1999) . Assets that are managed are tagged with RFID tags. Information about original manufacturing lot, performed inspections, and maintenance operations, as well as all special information related to their usage, are also programmed to the tag. Tags are read and written by field workers using hand-held readers (Jones, H., 1999) . Gartner Group estimated in its study that sound asset management would yield savings of 11 to 26 percent of IT budgets (Jacobs, 2000) .
How could RFID technology be used as the basis for new aftersales solutions? For example, after the product is sold, all that is needed to build a portable maintenance database is to attach an RFID tag that then is updated with each service transaction. When the customer delivers the product for a repair, the tag is read and the information of the customer's identity, previously conducted repairs, what preventive maintenance needs to be done, and whom to bill, is achieved directly from the tag (Gould, 2000) .
To sum up, the biggest benefits in retailing come from the ability to identify products without needing to manually handle them. This enables more efficient processes as visibility to the products in the shelves and in the backroom is achieved. For example, automatic goods receipt and better shelf management makes a truly robust VMI solution feasible. Similarly, the ability to make an inventory count in the households of e-grocery customers also makes totally new service models possible.
New aftersales services can be developed using the possibility to identify products at the individual product level, and the wireless read-and write-capabilities of tags. Globally attainable control attributes can also be used to support customer companies in managing their assets. For example, with mobile assets such as a fleet of trucks or aeroplanes, outsourcing and partnering is facilitated by assets carrying their own electronic identity and links to maintenance records. This is especially valuable in situations where aftersales service providers vary in different locations or in conditions where it is difficult to reach centralised databases (Jones, H., 1999) .
Total benefits of wireless supply chain management
The three major challenges posed to supply chain management today is developing new solutions for a more efficient handling of lean material flows, efficient customisation of products and logistic services and information sharing across company limits. The drivers behind these requirements are more sophisticated customer demand chains, and electronic business.
Wireless supply chain management is an answer to these challenges. By attaching a remotely readable tag to each product, the product can be given an item level identity. Interacting with the product while on the move without a need for any handling or holding becomes possible, and the attributes of the product can be made globally attainable over the Web.
The applications using wireless product identification technologies have, like the examples presented in this paper, until now been mostly at the individual company level. However, making item level supply chain management solutions work across company limits greater benefits could be achieved (Stone and Hollier, 2000) . Estimates for tens of billions of dollars of cost savings in supply chains have been presented for the widespread adoption of e-packaging using RFID (Burnell, 2000a) .
Why are these savings to be realised only with the widespread adoption? When developing applications spanning through several supply chain phases the identifiers can be utilised time and again, widespread use develops visibility to the supply chain, decentralised control can be utilised in the supply chain, and new kind of customer services or applications can be developed (David, 2000; Finkenzeller, 1999; Tö yrylä , 1999) . Figure 3 summarises the reasons for why the big benefits are only realised when solutions are developed across the chain. We will now present these reasons in more detail.
First, if the use of wireless product identification span through the whole supply chain, functional benefits from new applications in manufacturing, sourcing, warehousing, distribution, retailing, and aftersales can be realised with an investment in one single technology. For example, in the automotive supply chain, component manufacturers that tag their parts could develop new solutions to replenish based on the material situation at the assembly line. The assembly plant could use the same tags, but focus on streamlining handling to reduce disruptions inside the plant. In distribution, the very same tags could be used to route accessories to rendezvous with the car in-transit, and after the delivery to the customer, the tags are a fool-proof way for aftersales service providers to identify what parts are replaced and when. Reebok already utilises single identifiers throughout the whole supply chain for cost savings and information coherence (van Hoek, 2001) .
Second, moving the focus from functional to supply chain solutions would finally provide visibility to the supply chain and so increase control of the chain. This would enable the much talked about ''replacement of inventory with information'' (see e.g. Magretta, 1998) . Supply chain visibility improves as automatic identification of the material flow provides information of the material flow in different parts of the supply chain (David, 2000) .
Sainsbury is an example of a company that has, with the collaboration of some of its suppliers, moved through three different supply chain stages (from producers through distribution centre to stores) in the development of its new applications of Figure 3 Supply chain benefits achieved with wireless product identification across the supply chain wireless product identification. In the Sainsbury application, all shipments of perishable products are RFID tagged as they leave their supplier's inventory, and their route via a distribution centre to the stores is tracked. The results have been a radically improved control of the perishables supply chain, and the ability to eliminate the spoilage problem in addition to increased handling efficiency (Burnell, 2000a; Boxall, 2000; Philips Semiconductors, 2000) .
Third, there is a possibility to restructure information systems infrastructure with wireless product identification. Today retailers, distributors, and vendors all struggle in creating a centralised database hub around which everyone else is to build their own solutions. The basis for this struggle vanishes, if we use a decentralised approach. Then, necessary control data for execution processes are linked to the physical product (Finkenzeller, 1999) . The result is that this would make supply chains less dependent on central data warehouses, and it would also enable faster implementation of efficient processes as the need to integrate information systems decreases.
Finally, taking a cross-company perspective is essential for using wireless product identification as the basis for value innovations (Kim and Mauborgne, 1999) . On a single supply chain stage, wireless product identification technologies in supply chain management sounds like normal improvements in supply chain effectiveness provided by new technology. But moving the focus to the customer, or the customer's customer helps us understand how wireless product identification can start to challenge the fundamentals of both supply chain management, customer service and process control (Tö yrylä , 1999) . For example, is it the supplier or the customer that is responsible for the customer's inventory? If it is the supplier's responsibility, how does the customer know his or her inventory -from his or her own ERP system or the supplier's? And, how is then shelf space in the warehouse and retail outlets allocated? How do you know which parts belong to a product, or what items to a retail category?
Over the product life-cycle, where will the supplier's responsibility end? And, what will a waste disposal site look like in the future, as recycling is greatly enhanced? If the information of the materials the products contain, and instructions of how to disassemble and handle them is attached to the products in machine-readable form, then they can be effectively sorted and recycled.
Conclusions
In this paper, we have presented the challenges of supply chain management that make the use of wireless product identification valuable for companies. We presented the concept of item level supply chain management and reviewed current supply chain applications of wireless product identification.
Great benefits have been achieved with wireless product identification, but solutions that span through several companies in the supply chain are still rare. As the paper has attempted to show, there are clear benefits in wider solutions. What then are the reasons for their lack?
One significant reason for the lack of comprehensive solutions that span through the whole supply chain has been the lack of a global standard for RFID-based supply chain solutions. At the moment there are numerous proposals for standards waiting to be ratified (Burnell, 2000c; Frontline Solutions, 2000) . Also, Savi Technology has developed a Web-based reading device that is able to understand all RFID tags in the market (Gould, 2000) . Another drawback of RFID technology is that, though tens of RFID tags can be read at the same time, only one tag at a time can be written to, and when reading multiple tags one cannot know which tag is being read (Ackley, 2000) . So, in order to treat tags individually they have to be lined up individually.
Another reason is the need for investments in the infrastructure supporting the new, wireless operating model. There can easily be disagreements about the sharing of investments in the technology and the benefits obtained. This is, as always, a difficult issue to resolve for investments where other companies benefit as much as, or more, than the company making the investment. However, current service providers such as Savi and Chep, are already making the initial investments, and companies using these services pay to the service providers for the benefits enjoyed (Dierkx, 2000; Kleijn, 2000) . The emergence of comprehensive service providers could make this challenge of shared investments considerably easier to solve.
The technology to carry out item level supply chain management is available on the market. Current applications and the evolution of technology have reduced the price of wireless product identification technologies to an affordable level. Now, the challenge is to build up supply chain-wide solutions and new service models using the technology.
